The use of 1-deoxymannojirimycin to evaluate the role of various alpha-mannosidases in oligosaccharide processing in intact cells.
The mannose analogue, 1-deoxymannojirimycin, which inhibits Golgi alpha-mannosidase I but not endoplasmic reticulum (ER) alpha-mannosidase has been used to determine the role of the ER alpha-mannosidase in the processing of the asparagine-linked oligosaccharides on glycoproteins in intact cells. In the absence of the inhibitor, the predominant oligosaccharide structures found on the ER glycoprotein 3-hydroxy-3-methylglutaryl-CoA reductase in UT-1 cells are single isomers of Man6GlcNAc and Man8GlcNAc. In the presence of 150 microM 1-deoxymannojirimycin, the Man8GlcNAc2 isomer accumulates indicating that the 1-deoxymannojirimycin-resistant ER alpha-mannosidase is responsible for the conversion of Man9GlcNAc2 to Man8GlcNAc2 on reductase. The processing of Man8GlcNAc2 to Man6GlcNAc2, however, must be attributed to a 1-deoxymannojirimycin-sensitive alpha-mannosidase. When cells were radiolabeled with [2-(3)H]mannose for 15 h in the presence of 1-deoxymannojirimycin and then further incubated for 3 h in nonradioactive medium without inhibitor, the Man8GlcNAc2 oligosaccharides which accumulated during the labeling period were partially trimmed to Man6GlcNAc. This finding suggests that a second alpha-mannosidase, sensitive to 1-deoxymannojirimycin, resides in the crystalloid ER and is responsible for trimming the reductase oligosaccharide chain from Man8GlcNAc2 to Man6GlcNAc2. To determine if ER alpha-mannosidase is responsible for trimming the oligosaccharides of all glycoproteins from Man9GlcNAc to Man8GlcNAc, the total asparagine-linked oligosaccharides of rat hepatocytes labeled with [2-(3)H]mannose in the presence or absence of 1.0 mM 1-deoxymannojirimycin were examined. the inhibitor prevented the formation of complex oligosaccharides and caused a 30-fold increase in the amount of Man9GlcNAc2 and a 13-fold increase in the amount of Man8GlcNAc2 present on secreted glycoproteins. This result suggests that only one-third of the secreted glycoproteins is initially processed by ER alpha-mannosidase, and two-thirds are processed by Golgi alpha-mannosidase I or another 1-deoxymannojirimycin-sensitive alpha-mannosidase. The inhibitor caused only a 2.6-fold increase in the amount of Man9GlcNAc2 on cellular glycoproteins suggesting that a higher proportion of these glycoproteins are initially processed by the ER alpha-mannosidase. We conclude that some, but not all, hepatocyte glycoproteins are substrates for ER alpha-mannosidase which catalyzes the removal of a specific mannose residue from Man9GlcNAc2 to form a single isomer of Man8GlcNAc2.